The structural changes within the Silver iodide ( 
Introduction
Pressure is believed to be an attractive thermodynamical variable which reveals the mechanical properties of most of the solids and alloys. The structural behaviour of binary AB compounds under pressure has been a popular topic in condensed matter research over the past decade [1, 2] . Silver iodide and copper iodide belong to a family of semiconductors which have received attention; the semiconductor which has four valence electrons per atoms. These compounds crystallize into a tetrahedrally coordinated zinc-blende (ZB) structure [3, 4] under ambient conditions. The Ag (Cu) atom possesses a completely filled 4d 10 (3d 10 ) shell and a single 5s (4s) electron which is transferred to the iodide atom. However, the Ag (Cu) iodide differs from its other halides counterparts because the 4d (3d) electrons undergo hybridization with the halide p state [5] . Quite In general at a particular pressure, compounds are known to undergo a first order phase transition from zinc-blende (B 3 ) to rock salt (B 1 ), through an intermediate tetragonal (B ) structure [6] [7] [8] . In a tetragonal structure, Ag (Cu) atoms are located in the tetrahedral interstices of the almost regular cubic closely packed iodide sub lattice [7] . Under high pressure, the structure is characterized as a body-centered cubic arrangement of anions (I) with the highly mobile cations [Ag(Cu)] at tetrahedral interstices. Conduction is high because cations may move easily between these sites which, on average, are only one-sixth occupied [9, 10] . They are therefore called fast ion conductors. The major part of the cohesion in these potentials is contributed to long-range Coulomb interactions, which are counter balanced by the short-range overlap repulsion. We have also included a van der Waal interaction due to the dipole-dipole (d-d) and dipole-quadrupole (d-q) interactions which reveals the cohesion in Ag and Cu iodide. Experimentally, many investigators find [6, 8, [11] [12] [13] [14] [15] [16] [17] [18] that both the compounds (AgI and CuI) undergo a first order to NaCl, c) from zinc blende to tetragonal, d) from tetragonal to NaCl structure.
transformation to a tetragonal structure; as more pressure is added, they transform into a rock salt structure. Apparently, no previous attempts have been made to describe the structural properties of the intermediate phase of the compounds [19] [20] [21] in a theoretical manner. We have therefore investigated the effect of high pressure and the structural stability of silver iodide and copper iodide using an interionic interaction potential for all the phases. A brief description of the computation method is presented in Section 2. The results and discussion are presented in Section 3.
Formalism and computation
It is well known that pressure causes a change in the crystal volume, and consequently it alters the charge distribution of the electron shells. Therefore the crystal under compression has to be analysed theoretically. The stability of a lattice is attained at the minimum Gibbs free energy for a particular lattice spacing , given as:
Here, U is the internal energy, which at 0 K corresponds to the cohesive energy; S is the vibrational entropy at the absolute temperature T ; and V is the volume at pressure P. At temperatures near zero (i.e. T = 0 K) one can ignore [22] [23] [24] [25] the entropy term (T S) and thus Gibbs free energy for zinc-blende (B 3 ), tetragonal (B T ) and rock salt (B 1 ) structures are expressed as: (3) where
, and each term is the above equation are represented as :
where
.
where X = [B 3 B T B 1 ] Here, Eq. (4) represents the Coulomb attraction corresponding to the nearest nieghbour separations (X ) and Madelung constant α M (X ) for ZB (Tetragonal/RS) structures and Ze is the ionic charge [28] . Eq. (5) is the van der Waals (vdW) interaction, due to the dipole-dipole (dd) and dipole-quadrupole (d-q) interactions with C (X )and D(X )as their overall coefficients [29] , obtained using the Slater Kirwood Variation (SKV) method. The last equation is the Hafemeister-Flygare (HF) type [30] repulsive interaction operative up to the second neighbour ions. β is the Pauling coefficients with as the ionic radii of the cations (anions); ρ and b are the range and hardness model parameters determined by the equilibrium condition
where is the nearest interionic separation; is the equilibrium separation i.e. = and the bulk modulus [31]
with K as the crystal structure constant.
Result and discussion
The present effective interaction potential contains only two model parameters i.e. hardness ( ) and range (ρ) parameters which have been evaluated by using the input data taken from ref. [19, 20] and reported in Table 1 . We have computed the structural phase transition pressure (P ) following the minimization technique of Gibbs free energies [29, 32] Table 2 and compared with the available experimental data [33] [34] [35] . Our results on cohesive energy are in good agreement with the available experimental data in the respective phases. The values of cohesive energy depict that the contribution from short-rage interaction is less than 10% of the total cohesive energy. This feature is indicative that the major contribution to the cohesion is due to the Coulomb attraction along with the supplementary contribution from the vdW attraction. Of interest is the effective interaction potential correctly predicting the relative stability of the competing phases for both cases with the values of U being negative.
The Gibbs free energy difference ∆G
] from ZB to Tetragonal and from Tetragonal to RS has been obtained using the method given in our earlier papers [24, 25, 29, 36] . The values of ∆G as a function of pressure (P) are displayed in Figs.  1 (a, b, c, d) . The pressure at which ∆G becomes zero corresponds to the phase transition pressure (P ) marked by arrows in the respective figures. The values of these phase transition pressure are collected in Table 3 and are compared with the available experimental data. Our calculated values of phase transition pressures are close to the corresponding experimental [34, 35] values for AgI and CuI.
We have plotted volume collapse ∆[V (P )/V (O)] as a function of pressure for AgI and CuI are shown in Fig. 2 . Fig. 2c shows the volume collapse for CuI from ZnS to Tetragonal phase as 9.78% which is close to the experimentally reported value 11.6% [37] . The energy differences (∆G) are zero at the phase transition pressure (P =0.42, 5.35 GPa and 7.5, 10.0 GPa) for AgI and CuI from ZB to tetragonal and from tetragonal to RS structure respectively. There is an abrupt change in Figs. 2a, 2b and 2c regarding the volume discontinuity during the phase transition; pressures show the compression of the lattice. The zinc blende structures becomes unstable at high pressure and transform to an intermediate tetragonal structure. As the pressure is increased, it transforms to a denser phase, i. e. six fold coordinated structure. Both AgI and CuI are the super ionic materials in the semiconductor family and hence eventually reach the rock salt (RS) structure. The relative success in predicting the phase transition pressure and the volume collapses can be ascribed to the inclusion of the vdW interactions.
The volume collapse [∆V (P )/V (O)]% associated with these phase transitions listed in Table 3 are 3.31, 9.02 and 9.78, 2.37 for AgI and CuI respectively. The values of volume collapse in AgI could not be compared because of insufficient experimental data; subsequently, our com-ment on their reliability is restricted. It should be noted that the phase diagram follows the same trend obtained experimentally for compounds of the same group. It may be concluded that the interionic potential model is capable of describing the high pressure behaviour of silver iodide and copper iodide. This relatively simpler approach, has promising as it may reveal the high pressure phase transformation and other properties of super ionic compounds.
